The present study was carried out to induce cytological variations on Capsicum annuum L. (2n=24) var. Pusa Jwala by using various doses of gamma rays. Progenies were raised from the seeds of the selected cultivar treated with eight different doses of gamma rays, viz., 1, 5, 10, 15, 20, 25, 30 and 35 kR at Bhabha Atomic Research Centre, Mumbai. Cytological studies were carried out in the treated as well as in control materials. Gamma rays have shown a significant effect causing various types of chromosomal abnormalities such as univalents, multivalents, bridges, stickiness, precocious segregation, laggards and chromosome fragment.
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The genus Capsicum belongs to the nightshade family, Solanaceae. Capsicum consists of over 100 species and even more botanical varieties (Falusi 2007) , including five domesticated species (i.e. C. annuum, C. frutescence, C. baccatum, C. chinense and C. pubescence) all believed to have originated from the New World (Bosland 1994) . Fruits of these plants are used for spice, vegetable and herbal remedy. Capsicum has important roles in various aspects of economy, food and pharmaceutics.
Gamma irradiation is one of the most important physical mutagens used for inducing beneficial as well as harmful cytogenetic effects in many crop plants. Mutation induction and subsequent selection have great relevance in raising superior varieties of different crop plants. Meiotic chromosomal aberrations associated with the treated material are an indication of responsiveness to different mutagen doses. Gamma rays generally influence plant growth and development by inducing cytological, genetical, biochemical, physiological and morphological changes in cells and tissues. The creation of genetic variability is the main advantage of mutation breeding which greatly enhances the scope for selection. The chromosomal behavior during meiosis is considered to be one of the most reliable indices for estimating the potency of mutagens and the response of a genotype to mutation. The potency is generally measured by the proportion of the mutation frequency in relation to damages associated with mutagenic treatments such as height reduction, chromosomal breakage, sterility, lethality, etc. (Konzak et al. 1965) .
Therefore, the present study has been undertaken on Capsicum annuum to assess the effect of gamma rays on chromosomal behavior during meiosis which can be used to obtain new germplasm and future improvement of the pepper cultivar.
MATERIALS AND METHODS
Plant material Experimental plant material selected for the present investigation was Capsicum annuum. The seeds of this variety were procured from Daulatganj Market Ujjain, Madhya Pradesh (India).
Gamma rays treatment
Approximately 400 dry and healthy seeds of the selected cultivars were subjected to various doses of gamma rays at the Bhabha Atomic Research Center, Mumbai with the treatment doses 1, 5, 10, 15, 20, 25, 30 and 35kR. About 100 irradiated and control seeds were sown in separate pots (five seeds in each pot).
Cytological preparation and meiotic analysis
To determine the meiotic behavior, buds of appropriate size were collected from the field between 9 -12 a.m. and fixed in Carnoy's solution (glacial acetic acid : alcohol in the ratio of 1:3) for at least 24 hrs. Squash technique and 2% acetocarmine (as a stain) were used for cytological preparation. Microscopic photographs were taken from the temporary slides with the aid of an Olympus microscope.
RESULTS
The frequency of chromosomal abnormalities of various doses of gamma rays on Capsicum annuum is given in Table 1 . Meiosis was normal in the control plants and showed regular formation of 12 bivalents (2n = 24) at diakinesis and metaphase I followed by normal separation (12 : 12) at anaphase I (Figs. 1 and 2). At metaphase, different types of chromosomal abnormalities including stickiness of chromosomes, multivalent formation, precocious segregation of chromosome, univalent, observed. The frequencies of chromosomal abnormalities increased with the increase in mutagenic doses. Maximum frequency of aberrations was recorded in the plants treated with the highest dose of gamma rays (35 kR). The most common abnormality induced by radiation was stickiness of chromosomes at metaphase, where chromosomes formed a compact mass and the identity of individual chromosomes was lost (Figs. 7 and 8). The range of stickiness was nearly dose dependent. It was recorded to be the highest at 35 kR of radiation treatment (3.49%) at metaphase followed by 30 kR (3.09%) and 25 kR (2.75). Multivalent formation was observed in 10 to 35 kR treatments, the highest percentage of multivalent (2.18%) was observed in 35kR. At anaphase, laggards, bridges formation and fragment of chromosomes were observed. Laggards were the most frequent abnormality observed in the treated sets ( Fig. 9 ), the highest score for laggards, expressed in terms of percentage of anaphase I and telophase I cells having laggards, was observed at the radiation dose of 35 kR (3.30%). No laggards were observed in pollen mother cells of control progenies. Occurrence of cells having laggards had an increasing trend with increasing dose of radiation intensity (Table 1) . Bridges and fragments at anaphase I and telophase I were observed in nearly all the doses (Figs. 10, 11) , while the frequency of both abnormalities was higher in higher doses (Table 1) . Bridges were observed with or without fragments. The higher doses showed increasing percentage of bridges at anaphase I with the increased frequency from 0.49-4.95% in 1 kR and 35 kR, respectively ( Table 1 ). The frequency of micronuclei in telophase II was very irregular not only within the treatment as a whole, but also within the PMCs of the same plant (Figs. 12) . The highest percentage of micronuclei was observed in 35 kR of radiation dose (5.37%). Thus, in the present study, the total abnormality percentage showed an increasing trend with the increasing irradiation dose.
DISCUSSION
In the present study, similar types of meiotic abnormalities were found in all mutagenic treatments but the frequency of abnormalities was dissimilar in different treatments, indicating the diverse mutagenic potentials of mutagens against Capsicum annuum L. The induction of cytological disturbances in the mitotic as well as meiotic cells is of great value, as it results in genetic damage that is handed over to the next generation. The different types of chromosomal abnormalities observed during the present study have also been reported by various other workers after treatment with physical as well as chemical mutagens in many crops like Crotalaria juncea (Verma and Raina 1991) , Phlox drummondii (Verma and Sharma 2000) and 14 VERMA ET AL. Triticum aestivum (Verma and Khah 2016) . Most of these workers have obtained a dose-dependent increase in meiotic aberrations. The most common aberration observed in the present study was clumping of chromosomes. Bivalents were found clumped in single or unlike groups at metaphase I due to stickiness. Stickiness of chromosomes might be due to disturbances in cytochemically balanced reactions in the nucleic acids (Jayabalan and Rao 1987) . Stickiness could be due to depolymerization of nucleic acids caused by mutagenic treatment or due to partial dissociation of the nucleoproteins and alterations in their pattern of organization .
The occurrence of univalents and multivalent at metaphase-I has been reported in various plants like barley (Kumar and Singh 2003) and broad beans (Bhat et al. 2005) . The univalent and multivalent formation was possibly the outcome of none or irregular pairing of chromosomes due to translocations (Katiyar 1978) . Mutagen induced structural changes in chromosomes and mutations might be responsible for the failure of pairing among homologous chromosomes and hence the presence of univalents. Univalents may also originate from the absence of crossing over in the pachytene or from desynapsis (Verma and Khah 2016) .
The formation of bridges can be due to the failure of chiasmata in a bivalent to terminalize and the chromosomes get stretched between the poles (Saylor and Smith 1966) . The presence of bridges and laggards suggest that fragmentation and rejoining of broken ends of the chromosomes have occurred due to the acute effect of the mutagens. In the present study, bridge formation may be attributed to the general stickiness of chromosomes at metaphase stage or breakage and reunion of chromosomes. Also, the fragments noticed in the altered cells might be due to the failure of the broken chromosomes to recombine.
According to Tarar and Dnyansagar 1980, unsynchronized bivalents or laggards might be due to the discrepancies in spindle formation. Precocious movement of chromosomes at metaphase seems to be a manifestation of improper functioning of the spindle (Kumar and Gupta 2009) . Micronuclei as observed in the present study at telophase II may be due to the association of fragments and lagging chromosomes which failed to reach the poles and got included in the daughter nuclei (Kumar and Dubey 1980) . The cytogenetic abnormalities have been regarded as one dependable parameter for estimating the mutagenic potential of a mutagen and it can be judged by the percentage of abnormalities it induces. In conclusion, results obtained in the present study indicate that increase in meiotic abnormalities was found along with the increasing dose of gamma irradiation. In general, gamma rays affects wide range of chromosomal anomalies resulting into abnormal chromosomal behavior which could be, therefore, beneficially utilized for tailoring better varieties of Capsicum annuum.
